C ognitive deficits in schizophrenia may occur across a range of cognitive domains. 1, 2 The widespread nature of the cognitive problems has raised debate as to whether there is a specific or a general cognitive deficit. The domains often mentioned as differentially compromised include attention, 3, 4 memory, 5, 6 and executive functions. 7, 8 However, most neuropsychological tests involve several cognitive functions, and so it is particularly difficult to identify specific cognitive deficits on the basis of impaired test performance.
In the present study we explored the issue of specific versus general cognitive deficits by using tests of information processing speed. Cognitive speed in schizophrenia may be characterized by a general slowing or, alternatively, by a disproportionate increase in time for certain types of information processing. To investigate the degree to which the slowing of cognitive speed is generalized, two timed tests were used that involve subtasks with increasing complexity. The extra time needed to complete the more demanding subtasks is regarded as a function of the particular task variation. These tests were the Concept Shifting Test (CST) 9 and the Stroop Color-Word Test (SCWT). they are relatively short, which reduces the possibility that fatigue might affect performance. If cognitive fatigue did still occur, performance of the second part of the test would be slower than for the first part. The present study examined the possible effects of test duration on the SCWT by comparing speed of performance for the first and the second parts of the test, according to the procedure described by Klein et al. 12 The cognitive deficits of patients with schizophrenia have been linked to disturbed frontal lobe functioning [13] [14] [15] and to changes in the temporal and limbic structures connected to the frontal areas. [16] [17] [18] Bilder and Szeszko 16 argue that a "medial frontolimbic" deficit is central to schizophrenia; such a deficit might be marked by a decrease in the volume of the anterior hippocampus. The present study investigated whether cognitive processing in schizophrenia is characterized by a general or by a specific slowing and whether this deficit can be related to abnormalities of the temporal and limbic structures.
METHODS Subjects
Twenty-seven patients with schizophrenia and 19 healthy control subjects were included in the study. The patients were recruited from the social psychiatric service of the Regional Institute for Ambulant Mental Health Care; the psychiatric department of the University Hospital Maastricht; and the ambulatory clinic of the psychiatric hospital Vijverdal, Maastricht, the Netherlands. Patients were diagnosed according to DSM-IV criteria 19 by a psychiatrist. The diagnosis was verified according to the Composite International Diagnostic Interview 20 by a trained neuropsychologist or psychiatrist. Subject characteristics are shown in Table 1 . Patients and control subjects were matched for age, sex, and educational level. Educational level was measured on an 8-point scale, ranging from primary school to higher vocational training and university degree. 21 All subjects were right-handed. All patients were outpatients at the time of the assessment, and all received stable doses of antipsychotic medication (mean dose in chlorpromazine equivalents‫533ס‬ mg; SD‫.)212ס‬ Mean total score in the patient group on the Brief Psychiatric Rating Scale 22 was 44.4 (SD‫.)5.01ס‬
The control subjects were recruited via newspaper advertisements. None of the control subjects had a history of psychiatric illness or evidence for brain pathology or other major physical pathology, and none of them used psychotropic medication. Exclusion criteria for both groups were a history of CNS illness, head injury that caused unconsciousness for more than 1 hour, any other serious physical illness, and heavy alcohol or drug abuse over the last 12 months. Written informed consent was obtained from all participants.
Neuropsychological Assessment
The following cognitive tests were administered to all subjects: Stroop Color-Word Test, 10, 11 Concept Shifting Test, 9 and three subtests of the Groningen Intelligence Test (GIT). 23 The Stroop Color-Word Test involves three subtests that display a hundred stimuli each: color names, colored patches, and color names printed in incongruously colored ink. Subjects are requested to read color-names (card I) or to name colors (card II and III) as fast as possible. Performance on card III is largely determined by the time needed to discard irrelevant but very salient information (verbal), in favor of a less obvious aspect (color naming). During the course of the task, speed of performance is recorded after 4 lines and after 10 lines, which makes it possible to investigate time-on-task effects.
The Concept Shifting Test is a modified version of the Trail Making Test (TMT) 24 designed to avoid several methodological problems with the TMT. It consists of three parts. On each test sheet, 16 small circles are grouped in a larger circle. In the smaller circles, the test items (numbers in part A; letters in part B; or both numbers and letters in part C) appear in a fixed random order. Subjects are requested to cross out the items in the correct order (numerical or alphabetical) as fast as possible. Part C requires the subject to alternatively cross out digits and letters, so performance on this part reflects concept-shifting ability.
The three subtasks of the Groningen Intelligence Test were administered to obtain a reliable measure of formal intelligence. The GIT is a test of general intelligence that is used in the Netherlands as much as the Wechsler Adult Intelligence Scale. 
Magnetic Resonance Imaging
Images were acquired on a 1.5-tesla MRI scanner (Philips ACS, Eindhoven, the Netherlands). The scanning protocol consisted of a coronal inversion recovery T 1 -weighted sequence, perpendicular to the long axis of the hippocampus, with a slice thickness of 3 mm (TR/TI/ TE 2,100/300/18 ms, matrix ‫,971ן652‬ field of view 23 cm, NEX 2, turbofactor 3, acquisition time 6:53 min). The images were transferred to a standalone SUN workstation and examined with semiautomatic Gyroview software (version 2.1-2 1994; Philips Medical Systems, Eindhoven) containing a manual contouring function.
Regions of interest (ROIs) were outlined on each slice and multiplied by the slice thickness. Volumes of each ROI were derived by summing the relevant consecutive slice volumes. ROIs were the amygdala, hippocampus, parahippocampal gyrus, and temporal lobe. Anatomic guidelines for delineation of the ROIs were established by using whole brain sections and coronal serial sections (from the Laboratory of Pathological Anatomy of the University Hospital Maastricht), an anatomical atlas, 25 and previously published guidelines on MRI volume measurements of temporal lobe structures. 26, 27 In some slices it was difficult to distinguish between the amygdala and the hippocampus. Therefore we decided to divide the amygdala-hippocampus complex into the amygdala-anterior hippocampus and the posterior hippocampus. MRI scans were not available for 2 patients and 2 control subjects.
All measurements were done by the same rater, who was blind to diagnosis and cognitive test results. To assess reliability, scans of 8 subjects were measured twice by the same rater with a period of at least 3 weeks between the measurements. Intraclass correlation coefficients (ICC) were calculated. The reliability of the measurements of the posterior hippocampus was considered insufficient (ICCϽ0.75), and these data were excluded from further analyses. ICCs of all other structures ranged from 0.85 to 0.98, indicating good testretest reliability.
Statistical Analysis
All statistical analyses were performed by using SPSS software for Macintosh, version 6.1 (SPSS, Inc., Chicago, IL).
Performance on the SCWT and CST was analyzed by using multivariate analysis of variance (MANOVA). The subject's sex was incorporated as a between-subjects factor in this analysis, as well as in the analysis of the MRI data, because of possible sex differences in schizophrenia. 28 To investigate effect of test level, MANOVA with a repeated-measures design was performed for SCWT and CST separately, with group (two levels) as the between-subjects variable and level of test difficulty (three levels) as the within-subjects variable. Contrasts were defined to compare the first with the second level of the task and also the second with the third level.
Time-on-task effects on the SCWT part III were analyzed by calculating mean time to complete a line in the first part of the test and in the second part. Speed ratios were calculated by dividing the mean time needed to complete the first part by the mean time needed to complete the second part; a score of 1 thus means that a subject performed equally well on the first and second halves of the test. To investigate the influence of general ability on cognitive test performance, a post hoc analysis was performed that excluded those subjects with lower than average IQ scores. No analysis of covariance was performed because of preexisting significant differences in IQ level between groups. 29 The MRI measures were analyzed by using MANOVA with group and sex as between-subjects factors and laterality as a within-subjects factor. To correct for differences in brain size, height was incorporated as a covariate. Relationships between cognitive performance and MRI measures were computed for each group separately by using Pearson's correlation coefficient. All tests were two-tailed. 100 .0ס‬ for CST C). There were no differences in the number of errors made by the two groups on any test. In Figure 1 and Figure 2 , completion time is depicted as a function of subtask for SCWT and CST, respectively. The interaction between group and task difficulty was significant for SCWT II vs. SCWT III (F‫,47.7ס‬ df‫,44,1ס‬ P‫,)800.0ס‬ but not for SCWT I vs. SCWT II (F‫,99.1ס‬ df‫,44,1ס‬ P‫.)661.0ס‬ Similarly, a significant interaction was found between group and task difficulty for CST B vs. CST C (F‫,00.7ס‬ df‫,44,1ס‬ P‫,)110.0ס‬ but not for CST A vs. CST B (F‫,12.0ס‬ df‫,44,1ס‬ P‫.)646.0ס‬ Time-on-task effects on the SCWT III were investigated by calculating the speed ratios. Both the schizophrenic group and the control group needed relatively In a post hoc analysis, 8 subjects from the schizophrenia group with lower than average IQ scores (Ͻ95) were excluded. The results were similar to those for the whole group, both with regard to the main group effect (F‫,49.2ס‬ df‫,13,6ס‬ P‫)220.0ס‬ and the interaction effect of group and test level, for both SCWT and CST.
RESULTS

MANOVA
MANOVA showed no differences between the two groups in the volume of brain structures (F‫,09.0ס‬ df‫,23,6ס‬ P‫;805.0ס‬ Pillai's test). There was no interaction between group and sex or between group and laterality. In the patient group, the volume of the left parahippocampal gyrus was inversely correlated with performance on SCWT III (R‫,75.0-ס‬ P‫.)400.0ס‬ Performance on the other tasks did not correlate with the volume of any of the brain regions investigated. In the control group, no significant correlations were found between brain structure volume and cognitive performance.
DISCUSSION
This study shows that schizophrenic patients are disproportionately slower than control subjects on complex cognitive processing tasks, above a general slowness on simple tasks. This pattern of impairment was also present in patients who had an average or above-average IQ score. Further, the impaired performance of schizophrenic patients on the SCWT was not primarily due to the waning of mental effort. Although a time-on-task effect was present, with performance being typically more rapid on the first part of the test, this was also seen in the control group.
The complex subtasks of the SCWT and the CST involve the maintenance of a certain cognitive set over time and the inhibition of inappropriate responses. The specific slowing in this type of processing is in accordance with recent proposals that the core cognitive deficit in schizophrenia is an impairment in maintaining contextual information, or working memory, and in using that information to inhibit inappropriate responses. 15, 30 Using a computer simulation model of the Stroop task, Servan-Schreiber and co-workers have demonstrated that when there is a single disturbance to the module that is responsible for representing the con-text, this produces changes in performance similar to those observed in schizophrenia. 30, 31 This result suggests that a deficit in the processing of context may underlie various cognitive impairments associated with this disorder. This hypothesis could be tested in future studies by examining whether deficits on tasks that involve maintenance of context can account for deficits in other cognitive domains.
Contrary to our hypothesis, the volume of temporal and limbic structures was not smaller in schizophrenic subjects than in control subjects. The same finding has been reported in other studies. [32] [33] [34] However, a recent meta-analysis of 18 studies did reveal a bilateral volumetric reduction of the hippocampus, and more tentatively of the amygdala. 18 It is possible that the lack of differences in our study is related to characteristics of the patient group, such as relatively mild symptomatology. As yet, however, there is no clear evidence that temporal lobe abnormality is predominantly present in any particular subgroup of patients. 17 We found a significant association between the volume of the parahippocampal gyrus and performance on the SCWT III. A significant association between parahippocampal gyrus and cognitive performance has been reported before. 35 This result is consistent with a disturbance in the circuitry connecting dorsolateral prefrontal and temporal and limbic areas, a network that is thought to be responsible for the active maintenance of task-relevant information. 16 However, in our study only one correlation between cognitive performance and brain structure volume was significant; the possibility of a chance finding thus cannot be excluded, and the finding will need to be replicated.
All patients included in our study used antipsychotic medication, which may have influenced cognitive performance. Recent reviews have suggested, however, that neuroleptics have no marked negative effects on cognition. 36, 37 Instead, performance may sometimes improve following neuroleptic treatment, possibly because patients receiving medication are more cooperative. 37 The present study supports the presence of a disproportionate deficit in the complex processing of information in schizophrenia. This deficit can be explained as a dysfunction in the processing of context. 30 It is possible that this deficit is related to a decrease in the volume of the medial temporal areas, but this finding needs to be replicated.
